meric isoforms as PDGF-AA, PDGF-AB, and PDGF-BB, pressed by epithelial cells of comma-and S-shaped structures have been thought to comprise all of the members of the of the developing nephron, and most consistently in the visceral PDGF signaling system [3, 4] . These PDGF ligands exert antibody is non-reactive with either full-length or growth factor domain of PDGF-C, or with PDGF-A and PDGF-B [38] . In addition, PDGF-D has approximately 25% overall amino acid identity with PDGF-A and PDGF-B [28] .
chains. PDGFRb. Rabbit polyclonal antibody (lot no. PR7649; A PDGF-D expression profile in different human organs including kidneys was reported by using real-time quanprovided by Dr. D.F. Bowen-Pope) recognizes PDGFR␤ by Western blotting and stains mesangial cells by immutitative polymerase chain reaction (PCR) and Northern blot analysis [27, 28] . It also has been demonstrated that nohistochemistry as previously described [14] . It detects patterns of PDGFR␤ similar to those detected by anti-PDGF-D is able to bind with PDGF receptor ␤ [27, 28]. PDGF-D could be expressed in human fibroblasts and body PR7212 as previously used and referenced by our group [16] , but has the advantage of working well in cells of the vascular wall and could stimulate the proliferation of human smooth muscle cells, suggesting that it methacarn fixed tissues.
Muscle-specific actin. Murine monoclonal antibody might play a role in vascular development and disease [29] . PDGF-D protein expression in mouse embryos us-(clone 1A4; Dako Corp., Carpinteria, CA, USA) has been well characterized by Western blotting [30] . It has been ing immunohistochemistry demonstrated its staining in developing heart, lung, kidneys and some muscle derivapreviously demonstrated to recognize alpha-smooth muscle actin in methyl Carnoy's fixed tissues [16] , and was tives [27] .
Although PDGF-D has been reported to be expressed used as a marker of mesangial cells as previously described [31] . in human kidney, its precise expression in specific cell types is controversial. Uutela et al could not find PDGF-D WT-1. Rabbit polyclonal antibody (cat no. sc-192, lot no. D301; Santa Cruz Biotechnology Inc., Santa Cruz, mRNA expression in a human kidney cell line [29] . To address this issue, our current study was designed to CA, USA) was raised against a peptide of the carboxy terminus of Wilms' tumor (WT) protein of human origin. demonstrate PDGF-D expression in specific cell types by performing immunohistochemistry in developing and It has been characterized by tissue immunohistochemistry and Western blotting [32] [33] [34] [35] , and was used as a mature human kidneys. We also utilized Western blotting and reverse transcription (RT)-PCR in order to esphenotypic marker of visceral epithelial cells (podocytes) as previously described [35, 36] . tablish the existence of this molecule in human kidneys at protein and RNA levels.
Ulex europaeus agglutinin I. A lectin glycoprotein (lot no. 91129; Vector Laboratories, Burlingame, CA, USA) established to be a marker of endothelial cells by lectin METHODS binding was used to identify glomerular and vascular Tissue selection endothelial cells as previously described [37, 38] . Human fetal kidneys (N ϭ 30) with estimated gestaImmunohistochemistry tional ages ranging from 54 to 122 days were obtained fresh from tissue examined after therapeutic abortions.
Immunohistochemistry was performed on four-micron sections of methyl Carnoy's fixed, paraffin-embedded These studies have received human subjects approval by an institutional IRB review panel (UW 96-1826-A-08).
tissues following a standard avidin-biotin complex (ABC) method. Briefly, sections were deparaffinized in xylene Tissues were fixed in methyl Carnoy's (methacarn) solution (60% methanol, 30% chloroform, 10% acetic acid) and rehydrated with graded ethanols. Endogenous peroxidase was blocked with 3% hydrogen peroxide and the and processed and embedded in paraffin according to conventional techniques.
samples were then rinsed in phosphate-buffered saline (PBS). For reduction of background labeling, the secNormal-appearing human adult kidney tissues (N ϭ 25) were obtained fresh from uninvolved portions of tions were blocked by using the avidin-biotin blocking kit (Vector Labs) per the manufacturer's instruction and kidneys surgically resected for localized renal cell carcinoma, or from cadaver donor kidneys unable to be utiNormal Goat Serum (Kirkegaard & Perry Laboratories, Gaithersberg, MD, USA) for 30 minutes. The sections lized for transplantation, under an IRB approved protocol (M-1183). Tissues were fixed in methacarn solution were incubated overnight at 4ЊC with rabbit anti-human PDGF-D polyclonal antibody diluted 1:100 in PBS conand processed as stated earlier.
taining 1% bovine serum albumin (BSA) and 5% nonAntibodies fat dry milk. After washing in PBS, the sections were sequentially incubated with biotinylated goat anti-rabbit PDGF-D-chain. Rabbit polyclonal antibody (lot no. E0259, provided by ZymoGenetics Inc., Seattle, WA, IgG (Vector Labs) and the ABC-Elite reagent (Vector Labs) Finally, 3,3 Ј -diaminobenzidine (DAB; with nickel USA) is an affinity-purified antibody raised against the middle part of PDGF-D molecule. It recognizes the fullchloride enhancement) was used as the chromogen and sections were counterstained with methyl green, dehylength human PDGF-D peptide but does not recognize the isolated growth factor domain (GFD) peptide. This drated and cover slipped.
For all samples, a negative antibody control consisted (SDS) and ␤-mercaptoethanol was added, and then the protein sample was boiled and the pellet discarded. of substitution of the primary antibody with normal rab-
The protein samples were loaded on to 8 to 16% polybit IgG. Transfected BHK-570 cells (expressing PDGF-C) acrylamide gels, electrophoretically size-separated, and or transfected Chinese hamster ovary (CHO) cells (exthen transferred to nitrocellulose membranes. The mempressing PDGF-D) as well as their parenteral BHK and branes were rinsed with Tris-buffered saline (TBS; pH CHO cells (kindly provided by ZymoGenetics) were 7.6) and were blocked with 5% non-fat dry milk in TBS used as positive and negative controls to establish the containing 1% BSA at 37ЊC for two hours. The memsensitivity and specificity of the antibody to PDGF-D branes were then incubated overnight with a 1/1500 dilufor immunohistochemical procedures.
tion of rabbit polyclonal anti-PDGF-D antibody at 4ЊC.
Double labeling immunohistochemistry
After thoroughly washing in TBS with 0.3% Tween-20, the membranes were sequentially incubated with goat Four-micron sections of methyl Carnoy's-fixed, parafanti-rabbit IgG alkaline phosphatase conjugated for 30 fin embedded tissues were prepared for immunohistominutes, washed, developed with a chemiluminescent chemistry as described above. The slides were incubated substrate (CSPD; Applied Biosystems, Foster City, CA, with murine monoclonal antibody against ␣-smooth mus-USA) and exposed to film. The full-length PDGF-D cle actin, rabbit polyclonal anti-PDGFR␤ antibody, rabprotein (kindly provided by ZymoGenetics) was used bit polyclonal WT-1 antibody, or Ulex europaeus agglutias the positive protein control. As a negative antibody nin I. These were followed by biotinylated anti-mouse control, the primary antibody was replaced by normal IgG, biotinylated goat anti-rabbit IgG, or biotinylated rabbit IgG at an equivalent concentration. The fullUlex, and then the ABC-Elite reagent, and DAB to give length and growth factor domain PDGF-C protein also a brown reaction. Peroxidase activity was blocked again were used to confirm the non-reactive of anti-PDGF-D with 3% hydrogen peroxide. Then, the sections were antibody to PDGF-C. In addition (not shown) this antisequentially incubated with Normal Goat Serum to rebody does not cross-react with PDGF-A or PDGF-B duce the background labeling, rabbit polyclonal antiprotein. were carried out with the following processes: denaturcontrols included repeating the procedure in an identical ation at 94ЊC for one minute, annealing at 59ЊC for one fashion but without the PDGF-D peptide absorption minute, extension at 72ЊC for one minute in each cycle step.
and 10 minutes at the last cycle. RT-PCR products were resolved on a 1% agarose gel containing ethidium broProtein preparation and Western blotting mide and were visualized under ultraviolet illumination. Approximately 250 milligrams of frozen adult kidney RNA was replaced by nuclease free water as the negative were minced and washed thoroughly in PBS. After cencontrol for RT-PCR assays. The RT-PCR product was trifugation and removing the tissue debris, the suspencloned and sequenced to confirm its identity with PDGF-D. sion buffer [0.1 mol/L NaCl, 0.01 mol/L Tris-HCl pH 7.6, 0.001 mol/L ethylenediaminetetraacetic acid (EDTA) pH RESULTS 8.0, 1 g/mL aprotinin, and 100 g/mL phenylmethylsulImmunohistochemistry fonyl fluoride (PMSF)] was added and the tissue was dispersed in Tissuemizer. For Western reducing condiHuman fetal kidney. Expression of PDGF-D was not identified in the metanephric blastema or the vesicle tions, 2ϫ sample buffer with sodium dodecyl sulfate stage of early nephron formation (Fig. 1A) . In the later of them had foci of nonspecific chronic changes including global glomerulosclerosis, tubular atrophy, interstitial fistages of development, PDGF-D was weakly expressed by the epithelial cells of comma-and S-shaped structures brosis and arteriosclerosis most likely related to aging [39] . In adult normal kidneys, PDGF-D was uniformly ex- (Fig. 1B) and strongly expressed by the visceral epithelial cells of more differentiated glomeruli ( Fig. 1 C, D) .
pressed by visceral epithelial cells but not by other glomerular structures (Fig. 2 A, B) . There was widespread PDGF-D was expressed by some parietal epithelial cells in differentiated glomeruli (Fig. 1C) . Extraglomerular expression of this protein in the medial smooth muscle cells of arteries and arterioles that was similar to the structures of developing kidney showing the expression of this protein included the basement membrane of imexpression pattern identified in developing kidney (Fig.  2C) , as well as in smooth muscle cells of vasa rectae in mature collecting ducts, fibroblast-like mesenchymal cells in the interstitial area of the renal pelvis (Fig. 1E) , the medullary area (Fig. 2D) . PDGF-D expression was not detected in normal tubular and interstitial cells. and medial smooth muscle cells of arteries (Fig. 1F) .
Human adult kidney. Most kidney specimens had norThere were focal changes in PDGF-D expression in areas of chronic renal damage, where it was identified in sclemal histology by conventional light microscopy. Some (Fig. 5 A-D) . The immunostaining of the basement membules (Fig. 2E) , and in some neointimal cells of arteriobrane of immature collecting ducts and that of fibroblastsclerotic vessels (Fig. 2F) .
like mesenchymal cells in the renal pelvis of developing kidney could be abolished also by the same procedure Double labeling immunohistochemistry ( Table 1 and shown in Figure 3 . In mature normal kidney, the results of double immunostaining for these Platelet-derived growth factor-D mRNA expression antibodies are summarized in Table 2 RT-PCR in agreement with previous studies by others PDGF-D was localized to epithelial cells transitioning from the early developing nephrons of the comma-and [27, 28]. We extend the information available on PDGF-D by localizing its expression in developing and mature S-shaped stages to the visceral epithelial cells of differentiated glomeruli, concurrent with PDGF ␤ receptor localhuman kidneys using immunohistochemical techniques.
Platelet-derived growth factor-D was not detectable ization to the mesangial cells of differentiated glomeruli.
In the developing pelvis, PDGF-D was expressed at the in the earliest stages of glomerulogenesis, and it was not detected in the metanephric blastema or surrounding basement membrane of immature collecting ducts and by presumptive fibroblastic cells in the interstitium. cortical interstitial cells. In contrast, PDGF ␤ receptor was expressed by the primitive mesenchymal cells of There are several growth factor-receptor interactions that are essential for epithelial-mesenchymal interacthe metanephric blastema and surrounding primordial interstitial cells. In later stages of glomerulogenesis, tions in metanephric development. As recently reviewed tery smooth muscle cells [29] . Taken together with our 
